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1 
This invention relates: to a method of and 
means for testing watthour meters. The.primary  
object of. the invention is to provide simple and 
accurate means for hOt only comparing a meter 
to be tested with a rotating, standard test-meter 5 
but a]so to. provide means for compensatina, for 
the varying EH values or test  constants,inherent 
in the makes of. watthour meters put out  by 
different manufacturers. 
The invention also,contemplates  the provision 10 
of means for-testing the separate elements of. 
polyphase meters while a]so compensating for 
variations in the test constants of, the meters 
under test 
By-the use of additional synchronous motors 15 
driven under control of the same.rotating stand- 
ard additional indicators  may be actuated fo 
show the results of . the full load» laaging power 
factor.and.light load tests of meters beina tested. 
Thus by mounting  these various, indicators, or 20 
pointers on a common support such as a. vertical- 
panel there is brought before the eyes, in con- 
venient and easily-read position the results of a- 
mu]tip]icity of tests ruade under conditions re- 
quiring the use of-only one rotating-standard. 25. 
The very great reduction in cost-of the necessrY 
equipment will be readily, appreciated. 
T.he advantages of the invention wfll be. best 
understood-by first considering themethods now 
in use and the limitations, and deficiencies - in-- 30 
herent therein. 
In production testing of large numbers of 
meters in the shop, it is conventional practice to 
provide means for supporting-the meter under 
test on a suitable panel fltted  with current and. $5 
voltage.controls. A reference test meteror-ro-- 
tating standard, is connected electrically to the 
meter under test so that potential elements are- 
in parallel and current elements-in series. Both 
instrunents then operate under identical: condi- 40. 
tions of voltage and current. 
The test consists of comparing, the number of. 
revolutions and fractions thereof made by--the. 
rotuting standard during-the rime that- the meter 
under test bas made an arbitrary whole number 45 
of revolutions.- The discrepancy is thon a:guide 
to the degree of adjustment to be made to. he. 
meter, under test'. 
Allrotating standards, or portable test meters, 
are built along the same general principles:as all 5O 
watthour meters, in that the moving element is. 
ar. aluminum, disc .fastened to a vertical, spindle, 
the lower end of said spindle riding on a ewel. 
beaxing. Due fo the necessity of keeping friction  
to- a, minimum» it h as. been: found that a er.ticl 5 

2 
spindle, mounting is, to date, the only practical». 
arrangement: 
This restriction introduces a, di.iïiculty in. the-- 
marrer of locating the rotating standard so, that 
the horizontal- dial. shall always be easfly visiblC 
In most cases, the bench oz table on.which, all. the 
testing facflities are mounted is usually, large 
enough so that there is room foi; setting the, ro- 
tating standard on the table top alongside other 
equipment. In other cases, it has been round 
desirable to set the-standard-into-a recess or well 
in the table, so that the. dial: is flush with the 
table top. This-. eliminates the interference 
caused by the re]atively large, bulk of the rotat- 
ing standard. 
The present day tendency is to, centralize all 
contro]s and instruments as much as possible and 
reduce the size of the testing equipment. To this 
end it has been proposed to construct a meter 
test board in which the, rotating standardis,in- 
stalled behind the control panel, entirely, thus. 
removing,, all obstructions from the. working«sur- 
face of the bench top. The image of. therotating. 
standard dial, reflected from a mirror set. af 45%. 
is  then observed thru-an, opening, or window in. 
the face of the panel, 
The ideal, condition,: however, would be one in. 
which the dial itself can be flush-mounted in the 
vertical face of. a panel at eye level. This culd. 
be done if it. were possible-to design .a rotating 
standard to operate with its spindle in. a. hori- 
zontal position. Friction - problems, however, 
make this impossible: 
In. addition, there are other considerations:. 
which make the direct.use, of a rotating standard-. 
an inconvenience, even though cet, tain drawbacks 
are at present tolerated simply because no satis- 
factory solution bas yet been-round. 
The various problems in connection, with the 
use of rotating, standards can be summarized in 
the following manner: 
1. Visibility of the pointer, and dial. 
2, Capital investment of multiple units.- 
3. K values. 
4. Sub-multiple, polyphase speeds, 
In certain high speed automatic testingit has 
bee nproposed to show the: results o£ the full, 
load, lagging power- factor, andqight load:tests on 
three .separate standards. This..involves an,in-- 
vestment of a veY: considerable, sum BF  the I 
mechanism hereinaïterdescribed the,mechanism 
for making, a. p!urality of- tests, under.controlof.. 
one standard, can be made af.a- much-.lower cos, 
Various- makes- and types: of watthour- meters:e 



have different basic K values. The terre K 
refers fo the test constant, which is the watthour 
per disc revolution. If is desirable to bave the 
speed of the rotating standard equal fo the speed 
of the meter under test, to simplify the error 5 
calculation. In particular, if the standard makes 
10.1 revolutions while the meter makes 10 revolu- 
tions, then the meter is running at 
10 
10.1 
or 99% of its rated speed and an adjustment is 
indlcated. The dial of the conventional rotating 
standard is divided into 100 divisions, and in 10 
revolutions each division corresponds to an error 
of 1 part in 1000 or 0.1%. The magnitude of the 
error, fo the nearest 0.1% can be read off directly 
on the standard dial. A simple addition or sub- 
traction, for errors hot exceeding 4%, is for most 
purposes as precise as the theoretically neces- 
sary division. In any event, the determination 
of the meter error is always a relatively simple 
problem when the nominal number of rotating 
standard revolutions can be ruade equal to 10. 
The following table gives the test constant or 25 
K, and the corresponding full load speed of 
the various watthour meters ruade by different 
manufacturers and now in use: 
Table I 
--___K R.P.M. 
9. 48 
I / I 40 
I ,i I 3 / 35 
1  30 
19o 116 I 
Every rotating standard is in itself a specially 4o 
constructed watthour meter and wi11 have one 
of the above values of I. This means, ob- 
viously, that meter and standard wi11 have the 
saine norainal speed only if both have the saine 
tç value. Since most power companies use 45 
meters having various I values, the desired 
ideal of obtaining 10 revolutions oï the rotating 
standard ïor 10 revolutions of the meter wi11 
seldom be realized with conventional equipment. 
What usually happens is that for 10 revolutions 50 
of the meter under test, the corresponding nomi- 
nal revolutions of the rotating standard may be 
greater or less than 10. The following table 
gives the various possible number of standard 
revolutions, when meter and standard have dif- 55 
ferent basic K values: 
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%t is proposed, through the mechanism de- 
scribed, fo devise a remote indicating rotating 
standard which shall always make I0 revolutions 
fo correspond fo the I0 revolutions of the meter 
under test. 
In testing polyphase meters, the speed of the 
meter will bave one of the values shown in Table 
I only if all of the meter elements are energized. 
When testing each element individually, the 
I0 speed of the meter is reduced in proportion to 
the number of elements. Thus, one element of 
a 2 element meter, when operating alone, will 
run the meter ai ½ normal speed. Similarly, 
one element of a 3 element meter will run the 
15 lneter at /3 normal speed. 
This means that an ideal rotating standard 
should be able fo reduce ifs speed fo a sub- 
multiple of /2 or /3 of ifs normal speed so as 
fo match the speed of the meter under test in 
ri0 order that the 10 revolution basis can be main- 
tained. This change in speed is accomplished, in 
the proposed device hereinafter described, by 
change speed gearing similar to the K speed 
adjustment. 
Figure 1 shown in the drawing is a diagram- 
matic view of one embodiment of the apparatus 
of tuf invention. The meter under test 1 is 
mounted so that the anti-creep holes 2 in disc 3 
are in the path of a light beam 4 which originates 
from lamp 5. Said beam illuminates photoelec- 
tric cell 6 whenever a hole crosses the beam. A 
corresponding electrical impulse is then picked 
up by vacuum tube amplifier  so that two ira- 
pulses are received for each revolution of the 
meter under test, this being a consequence of 
the fact that conventional meter discs 3 contain 
two such anti-creep holes 2. 
The potential coil 8 of meter ! is connected in 
parallel with the potential coil  of the rotating 
standard or test meter 10. The current coil II 
of meter I is connected in series with the current 
coil  of standard {}, either directly or through 
the medium of a current transformer $. 
The disc !  of standard ! {} is perforated around 
its periphery with equally spaced slots or holes 
 which periodically interrupt light beam  
which originates from lamp . Photoelectric 
cell $ thereby receives a series of light flashes 
which occur ai a frequency proportional to the 
speed of disc . Said flashes are converted into 
electrical irnpulses which are converted by vac- 
uum tube amplifier $ into alternating current 
of the saine frequency as the light flashes. Said 
alternating current then operates synchronous 
electric motor 2{} at a speed proportional fo the 
speed of disc I. Motor 2{} is of the geared 
down type, the speed reduction being so chosen 
that the speed of output shaft 21 is then exactly 
equal to the speed of disc I. 
60 It will be seen that there is no mechanical 
load whatsoever on disc I. The actual power 
fo drive motor 2{} cornes from the power line 
through the medium of elements I , I$ and I. 
The standard 10 merely controls the speed of the 
65 motor 2{}. 
Itis characteristic of synchronous motors that 
their speed is always exactly proportional to the 
frequency of the source of electric current, and is 
completely unaffected by variations in the load 
on the motor, within the load limit. This means, 
consequently that motor 2{} can be loaded down 
with a variety of gears, clutches and other well- 
known mechanical devices without any educ- 
tion in speed. 
Shown in Figure 1 is a gear box 22 wtth a con- i 

Table I1 

3.47 
4.17 
6. O0 
6. 66 
6. 25 
6.94 
7. 50 

8.33 
9. O0 
11. 11 
12. O0 
13.33 
14. 40 
15. O0 

16.00 
16. 66 
18.00 
20. O0 
24. O0 
28.80 

In such cases the percent registration of 
the meter is then the nominal revolutions of 
the rotating standard divided by the actual 
revolutions. Where such odd decimal values are 70 
involved, the operator must either use a slide 
rule or else refer fo special calibration scales or 
tables. This means that an additional calcu- 
lating or reference operation is required which 
is not necessary in the ideal case of 10 revolutions. 75 



trol: handle 23 convenientl mounted on the face 
of the control panel 24. Gear box 2.2 is con- 
structed, in a conventional manner similar fo an 
automobile transmission in miniature. If the 
nominal speed of disc |4, and consequentiy shaft 
2| is 30 R. P. M. corresponding to a meter with 
a basic I value of '/3, then output shaft 25 can 
be made to bave any of the speeds shown in 
Table I by manipulation of handle 23 to com- 
pensate for varying K values of the meters 
under test. 
In a similar manner, gear box 20, controlled 
by handle or shift lever 27, wfll make the speed 
of output shaft 20 either equal to the speed of 
shaft 25, or else 1/2 or '/3 the speed of shaft 25 
fol' polyphase meter testing. 
In any event, the device shown in Figure I 
makes it possible to have the final output speed 
of shaft 20 exactly equal fo the nominal spiid 
of disc 3 of the meter under test. 
Pointer 29 is coupled to shaft 0 through elec- 
trically operated clutch 3. Located adjacent 
amplifier unit  is an impuise counting device 
7 which will engage electric clutch 3 and cause 
pointer 29 to more around soale 3| at the in- 
stant a giron hole 2 interrupts light beam 4 at 
the beginning of a test run. Impulse counting 
devices which affect an electric circuit after a 
giron number of impuises have long been used 
in this art and one such device is shown in Gon- 
oral Electic Catalog GEI-I 120A. At the end 
of 20 impulses (or I0 revolutions of meter |) said 
counting device disenieges clutch 9 and pointer 
29 cornes to a stop. 
The per cent registration of the meter under 
test can thon be inteççreted diçectly from dial  |. 
The parts so far desoribed cause the pointer to 
have the capability of indicating the results of 
tests upon single phase meters and tioEe elements 
of polyphase meters and they complementally 
constitute what may be considered a unit. By 
using a plurality of such units each comprising 
a synchronous motor, all of which motors are 
under control of the single rotating standard, if 
is possible to actuate indicators to show the re- 
sult of full load, lagging power factor and light 
load tests and all of the pointers or indicators 
indicative of such tests may be mounted upon 
a common panel to be easily visible. To indicate 
how such additional units may be easily and 
simply brought into the assembly, I have indi- 
catoed ai 29= and 2D additional synchronous 
motors any of which by simple switches may be 
brought into connection with the output side of 
the amplifier |9. As many additional units may 
be provided as there are additional tests to be 
carried out, the gearing in each unit being de- 
signed to fit the conditions of the respective tests. 
A three way switch is indicated at |9. This 
switch may be manually actuated or if may be 
automatically actuated from the counter =. If 
manually actuated the respective motors may be 
started or stopped at will to relieve load on the 
output of amplifier |9, when such motors ae 
hot needed. 
When automatically actuated its contact mak- 
ing bar |9 may be moved under the influence 
of the conventional counter controlled switch , 
previously described, the parts being so set that 
a giron motor 29,  or {D starts enough ahead 
of its associated clutch 39 to permit the motor 
to get up to normal speed. However, the switch 
|9 may be dispensed with altogether and all 
motors be permitted to run continuously. 
Counters of this type are well-known in the 
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meter testing art. Since the usual wa of testin 
meters is fo compare the indications from a. 
tating standard with the meter under tes6 ftèr 
the latter has made eactly ton revolutions if 
has long been the practice fo provide elements 
c0rresponding to 5, ,  and  to. hot onl. c0unt 
the ton revolutions of meter |' but. to. c0ntrol the 
application of line voltage, to the potential cool 
of a rotating standard, |{l so that said standard 
will rotate only during the rime interval required 
by meter | to complete exactly ten revolutions, 
This capability of element  fo courir, and Oon- 
trol an electric circuit is utilized fo control elec- 
tric clutch 3{} and if may be extended to cause 
15 it to successively but hot simuitaneously close 
the contacts of switch |ga and to therebY aut- 
matically set in operation additional test.ing, 
cycles through the several synchronous motozs. 
While I have stated that the element | may. 
2O be a conventional rotating standard I may,. fr 
reasons of economy substitute a conventional 
single phase, watt hour meter, therefor. Further 
while it is possible, as described, to cause one unit 
such as |9 (whether a conventional, single phase 
o5 meter or the more expensive rotating standard) 
to govern the indicators |; through the three 
synchronous motors, it is within the scope of the 
invention to use three regular single phase 
meters, one for each of the synchronous motors. 
3o Further the invention is hot limited to the 
particular way shown for setting up a series of 
electrical impuises to amplifier |9. The Figure 1 
of the drawing is a schematic perspective of the 
parts heretofore described and in Figure 2 I have 
;5 shown a modified arrangement for picking up 
impulses from the rotating disc of a meter, 
(whether it be the disc of a rotating standard or 
the disc of a single phase watt hour meter). Here 
the disc |4a corresponds to disc |4 of unit |0. 
4o When the modification of Fig. 2 is employed a set 
of leads 32 will be connected to amplifier |9 one 
going to a ground and the other to fixed plate 
Disc |a is provided with projections |Sa. Plate 
45 3 is provided with similar projections 34. Plate 
33 is mounted directly underneath disc |4 so that 
both plate and disc are in parallel horizontal 
planes with the smallest possible vertical separa- 
tion which will give the necessary mechanical 
5O clearance as disc |4a rotates. 
Disc a is normally grounded through the 
upper bearing on its supporting shaft. The plate 
and disc combination conseçuently form the two 
plates of a condenser whose capacity periodically 
55 varies as the teeth |a pass over teeth 4, the 
capacity being a maximum when the two sers of 
teeth are at their closest approach and a mini- 
mum when one set of teeth is centered on the 
blank spaces between the other set of teeth. 
6o A high frequency voltage, on the order of 
several megacycles, is generated within ampli- 
fier |9 and is impressed upon plate 33. As a re- 
suit, condenser current will fi0w in leads 2 and 
this current will be amplitude modulated by the 
65 periodic fiuctuations in the condenser circt 
as disc |4a rotates. The resultant current, with- 
in amplifier |9, is rectified, detected and ampli- 
fied exactly as in any AM radio so that the alter- 
nating current which is then fed fo motor 
7O shall have the saine frequency as the cyclic var- 
iations in capacity of çhe condenser arrangemen 
above described. 
It is to be understood that the invention is hOt 
limited to the precise construction set forth but 
75 that it includes within its purview whatever 
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changes YarT c0mè WRhin eRher the teïms or 
he sprt oY the appended claires. 
What I claire is: 
1. APparatus of the character described com- 
Prising means to set up a series of electrical ira- 5 
pulses under the influence of the movement of a 
'otating part of a standard test meter, means ïor 
ämp]ifying said impulses fo deve]op an e]ectrical 
current of sufficient strength to drive a synchro- 
ous motor, said motor having a rotating output ]0 
member» a dial, a rotative indicator driven from 
such output member operative over said dial and 
chain speed gearing between, the output member 
and the indicator for varying the effect of said 
member upon the indicator in accordance with ] 
the varyin characteristics oï meters fo be com- 
pared with said standard test meter. 
2. A structul'e as recited in claire 1 in com- 
bination with a meter tobe tested and means 
under control oï the latter meter for interrupting 20 
the movement of the said indicator after the 
meter being tested has completed a determined 
number of revolutions. 
3. A structure as recited in claire 1 in com- 
bination with a meter fo be tested» an electri- 2 
cally actuated coupling member included in the 
connections between the output member of the 
synchronous motor and the indicator» and means 
under control of the meter being tested ïor ac- 
tuating said coupling membeç fo stop the indi- 30 
cator, after the meter being tested bas ruade a 
determined number of revolutions. 
4. In a meter testing assembly, a rotating 
:standard test meter having a horizontally rotat- 
ing disc» said disc having a row of openings 3 
:around ifs circumference, a light sourc and a 
;photoelectric cell positioned so that a beam of 
)light from the light source will pass through the 
:successive openings of the disk and impose a suc 
cession of light impulses upon the photoelectric 0 
celL an amplifier for amplifying the electrical 
ïmpulses set up by the photoelectric cell, a 
ynchronous motor and connections from the 
mplifier fo said synchronous motor, said motor 
having an output shaft which is driven in un]son 5 
with the disc of the rotating standard, a movable 
indicator for indicating the rotations of the 
standard and connections between the output 
shaft of the synchronous motor and the indicator 
which connections comprise a pair of adjustable 0 
change speed gearings, the adjustment of one of 
which compensates for varying K character- 
istics of meters being tested and the adjustment 
of the other of which so changes the indication of 
the indicator with respect fo the actual rotations  
oï the standard as fo tender if possible fo test 
the e]ements of polyphase meters. 
5. In a meter testing assembly» a rotating 
standard test meter having a horizontally rotat- 
ing disc, said disc having a row of openings 60 
around its circumference» a. light source and a 
photoelectric cell positioned so that a beam of 
light from the light source will pass through the 
successive openings of the disc and impose a 
succession of light impulses upon the photo- 6 
electric celL an amplifier for amplifying the elec 
trical impu]ses set up by the photoelectric celL 
a synchronous motor and connections ïrom the 
amplifier fo said synchronous motor» said motor 
having an output shaft which is driven in unison 79 
»vith the disc of the rotating standard a movable 

indicàt6i, for indicating /he rotation o'f 
standard and connections between the outïout 
shaft of the synchronous motor and the indicator 
which connections comprise a pair of ádjustable  
change speed gearings, the adjustment of one of 
which compensates ïor varying EH character'- 
istics of meters being tested and the adjustment 
of the other of which so changes the indictior. 
of the indicator with respect fo the actual roga- 
tions of the standard as to tender it possible to 
test the elements of polyphase meters, a meter 
fo be tested, a photoelectric counter actuated by 
said last named meter and means under control 
of said cotmter for disconnecting the indicator 
and the output element of the synchronous 
motor upon completion of a determined number 
of revolutions of said counter. 
6. ApParatus of the character described com- 
prising means fo set up a series of electrical ira- 
pulses under the influence of the movement of a 
rotating part of a standard test meter, means ïor 
amplifying said impulses to develop an electrical 
current of sufficient strength fo drive a synchro- 
nous motor, said motor having a rotating output 
member, an indicator driven from such output 
member and change speed gearing between the 
output member and the indicator for varying the 
effect of said member upon the indicator in 
cordance with the varying characteristics of 
meters tobe compared with said standard test 
meter, a meter to be tested, a counter photo- 
electrically controlled from said meter, means 
controlled by said counter for disconnecting the 
synchronous motor and the indicator upon the 
completion of a determined numbeç of revolu- 
tions of the r.eter under test, additional synchro- 
nous motors actuated by current delivered under 
control of the rotating element of a standard 
test meter, and means under control of said 
counter for successively connecting said syn- 
chronous motors fo the said current whereby 
said additional synchronous motors are rendered 
available for testing additional meters, or addi- 
tional characteristics of the saine meters all 
through the use of but one rotating standard. 
. Apparatus of the character described com- 
prising means to setup a series of electrical 
pulses under the influence of the movement of a 
rotating part of a standard test meter, means 
for amplifying said impulses fo develop an elec- 
trical current of sufficient strength fo drive a 
synchronous motor, said motor having a rotating 
output member, a movable indicator driven from 
such output member, change speed gearing 
tween the output member and the indicator for 
varying the effect of said member upon the in- 
dicator in accordance with the varying charac- 
teristics of meters fo be compared with said 
standard test meter, and a graduated element 
with which the indicaior coacts fo register there 
on the degree of movement of the pointer. 
IUDOLI  A. K. ILEISCHIIANN. 
REFERENCES CITED 
The followin references are of record in the 
file of this ptent: 
UNITED STATES PATENTS 
Number Naine Date 
1,819,494 Aronoff .......... Aug. 18, 1931 
1,857,593 ttill .............. May 10, 1932 



